RESPONSE
OF MEDULLARY RESPIRATORY NEURONES
TO STIMULATION OF THE VAGUS
Teruo NAKAYAMA AND Tetsuro HORI* Department of Physiology, Nagoya University School of Medicine Stimulation of the afferent vagus nerve modifies respiratory movements, the results of which are dependent on the stimulus frequency used7,9,12,13,1 Tonic inspiratory response, inspiratory shift of the respiratory mid-position and an acceleration of respiratory rate were obtained by low-frequency stimulation. High-frequency stimulation, on the contrary, caused prolonged expiration, expiratory shift of respiratory mid-position and slowing of respiration. The apneusis is also affected by afferent vagal stimulation6).
Low-frequency stimulation prolonged apneusis while high-frequency gave rise to a sustained rhythmic respiration.
It must be pointed out here that the words "expiratory" and "inspiratory" used in these literatures, however, stem only from a mere observation of the recorded respiratory curves. During brain-stem stimulation, it has been found recently by these authors that either simultaneous facilitation or inhibition of the medullary inspiratory and expiratory discharge can be a cause of respiratory acceleration (unpublished observation).
In other words, an acceleration of respiratory rate is not always resulted from increased activity of respiratory center, but also brought about by inhibition of respiratory discharges of medulla. From this finding arises the question; 1) if inspiratory and expiratory responses to vagal stimulation are actually resulted from increased activity of inspiratory or expiratory neurones respectively and 2) whether respiratory acceleration, which is observed during low-frequency stimulation, is derived from facilitation or inhibition of the medullary respiratory discharges. In this paper, therefore, an attempt was made to see the changes of respiratory discharge of the medulla during vagal stimulation at low-and high-frequencies.
METHODS

Rabbits
were anesthetized with urethane in a dosis of 1.2 g per Kg body weight. After tracheotomized, both carotid arteries were ligatured and the vagi were roughly AND T. HORI stripped off from the surrounding connective tissues in a length of a few centimeter and were cut at the level of just before entering thorax.
Two small incisions were made on the skin of the dorsal neck and the central stems of the vagi were sticked out of the holes, passing through the neck muscles.
In case of stimulation, the cut end of the vagus was lifted up and placed on the stimulus electrode.
This procedure was found to be more reliable than the use of embedded electrodes.
A part of the occipital bone and the dura were removed, but the cerebellum was left intact. A small pool thus made on the fourth ventricle was filled by liquid paraffin. Steel electrodes, the exposed tip diameter of which was less than a few micra, were used for the recording of respiratory discharges. Nerve impulses were picked up by a cathode follower, amplified with a time constant of 3 msec and displayed on one beam of a dual beam oscilloscope, as well as on an audiomonitor.
For the recording of respiratory movements, a metal plate was placed on the back of the animal.
The capacity change between the stereotaxic frame and the metal plate was resistered by an electronic manometer and recorded on the second beam of the oscilloscope.
The intensity of the second beam was so arranged to be modulated by the pulse of stimuli.
The stimulus was an isolated rectangular pulse, 1 msec in duration, 2 or 5 volts in intensity and 30 or 300 cycle per second in frequency. The rectal temperature of the animal was checked regularly and kept in a physiological range by an intermittent radiation of infra-red lamp. According to DIRKEN and WOLDRING3) , "the normal inspiratory volleys in the medulla oblongata are modified by a 9/sec . vagal stimulation to a continuous discharge of low frequency; on high-frequency stimulation they disappear completely.
RESULTS
Periodic
The expiratory neurones react with a continuous discharge both on low-and on high-frequency vagal stimulation" . Based on these results, they concluded that both low-and high-frequency stimulation inhibit the inspiratory center. This conclusion is hardly accepted because , as shown in our record of inspiratory responses to low-frequency vagal stimulation , the inspiratory neurones fire at the same rate as in control inspiratory phase . Our results, in addition, indicate the inhibition of expiratory activity during inspiratory response.
On the other hand, HUKUHARA et. al .5) observed a transient increase of inspiratory discharge followed by an abolition . In their report, however, stimulus frequency used was not mentioned and the changes of expiratory neurones were not recorded. In our experience , a transient increase of discharge frequency of both inspiratory and expiratory neurones did occur in response to vagal stimulation, but only when the stimulation was followed by gross movements of the neck and trunk.
Indeed, a marked increase of respiratory discharge and a gross bodily movement were caused simultaneously by the stimulation of the sciatic nerve. Our unpublished observation revealed that the stimulus given to the brain-stem reticular formation facilitates both inspiratory and expiratory neurones. The increased activity of inspiratory neurones observed by HUKUHARA et al. is more likely to be due to the nonspecific facilitatory influence of the brain-stem which is called into action by vagal stimulation.
In fact, the protocol presented by these authors tells us that the respiratory movement thereby evoked is not a typical inspiratory response to low- Reciprocal relationship between inspiratory and expiratory neurones in a sense postulated by PITTS et al.8) may be admitted even if one insists on the essential involvement of the pneumotaxic center in a formation of respiratory periodicity.
The nature of this relationship, however, has not been so far fully worked out. Recently, evidence is accumulating which indicates that sustained firings of inspiratory or expiratory neurones are brought about by inhibition of their opposite activity. SALMOIRAGHI and BURNS2,11) postulated that the respiratory periodicity is due to a mutual inhibition of inspiratory and expiratory self-reexciting neurones. The respiratory mechanism may be regarded as something like bistable trigger circuits.
If such an analogy is correct, inhibition of either inspiratory or expiratory neurones should be accompanied by continuous activity of the other. This speculation has been partially supported by us. As is clearly seen in FIG. 6 
